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The purpose of this study was to identify soccer-specific changes of mechanical properties 
in sprinting during a simulated soccer match. Professional soccer players (n=15) completed 
six sprint measurements before, during and after a simulated soccer game (i.e. 
Copenhagen Soccer Test). Mechanical properties (theoretical maximal sprinting velocity 
(V0), theoretical maximal horizontal force (F0), maximal horizontal sprinting power (Pmax) 
and the 20-metre sprint time were computed from continuous velocity data captured from 
a laser device. The results suggest that soccer-specific fatigue affects V0 more than F0. 
Furthermore, there is an inactivity-induced sprint performance loss because of the half-time 
break. However, at the end of the game, professional players can achieve similar sprint 
times as in the first half. These results could be useful for effective training planning and 
optimizing sprint performance during a match. 
KEYWORDS: power-force-velocity-profiling, sprint, fatigue, soccer, professional. 
INTRODUCTION: Athletic requirements, in particular sprinting ability, have increased in 
professional soccer in recent years (Barnes et al., 2014). Sprint times during actual and 
simulated soccer matches for amateur, highly-trained and semi-professional players are 
impaired towards the end of a match (Bendiksen et al., 2012; Fransson et al., 2018; Krustrup 
et al., 2006; Mohr et al., 2004; Small et al., 2009). However, sprint performance can be better 
described with an additional analysis of sprint mechanical properties compared to only 
reporting the sprint times (Buchheit et al., 2014). These properties can be collected by  
horizontal power-force-velocity (P-F-v) profiling (Morin & Samozino, 2016). In addition to sprint 
time, the theoretical maximal horizontal force output (F0), theoretical maximal running velocity 
(V0) and maximal horizontal mechanical power output (Pmax = F0 x V0 / 4) can be computed. 
To date, one study has examined changes in mechanical determinants during a soccer match 
(Nagahara et al., 2016). Thirteen non-professional college soccer players completed sprints 
immediately before the start of the game, after the first half, before the start of the second half 
and after the second half. V0, Pmax and 20-metre sprint time showed global effects, but not 
F0. 20-metre sprint time increased significantly by 2.4% from the end of the first half to the 
beginning of the second half. V0 decreased significantly by 3.9% from the beginning to the end 
of the match. However, sprint performance and repeated sprint ability distinguishes 
professional from non-professional players (Haugen et al., 2013; Rampinini et al., 2009). 
Therefore, these findings may not be transferable to professional soccer players. Furthermore, 
Nagahara et al. (2016) collected players’ data only before and after each half. Thus, it is not 
possible to determine how the mechanical parameters evolved during half-time. Another 
limitation of the study can be seen in the friendly match setting, where the problem of high 
game-to-game- and position variability does occur (Gregson et al., 2010). In order to ensure 
the same activities and regeneration before each sprint measurement for every athlete, a 
simulated soccer game, for example the Copenhagen-Soccer-Test (Bendiksen et al., 2012), 
would be a superior study approach. 
The aim of this study was to investigate the changes in sprinting performance and mechanical 
properties of professional soccer players before, during and after a simulated soccer match to 
gather detailed insights and understanding of the development of the sprint profile in 
professional athletes.  
 
METHODS: Fifteen male professional field soccer players (age: 19.7 ± 2.1 yrs; height: 177.7 
± 6.6 cm; mass: 71.9 ± 6.9 kg) of the second Austrian soccer league participated in the study. 
The testing took place in spring 2019. The experimental protocol consisted of a simulated 
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soccer match, the Copenhagen Soccer Test (CST) (Bendiksen et al., 2012), and six 40-meter-
sprint measurements before, during and after each half.  
The CST is a 2x45-minute soccer-specific test with a 15-minute half-time break, which imitates 
the activities of real competitive elite soccer games. The subjects performed passive recovery 
between the halves. The physiological response of this simulation test is reproducible and 
comparable to that of a competitive game (Bendiksen et al., 2012). The subjects performed six 
maximum intensity 40-meter sprints at minute 1, 25, 45, 46, 70 and 90 of the CST. The athletes 
were captured by a laser distance measurement system (LDM 301, Jenoptik, Jena, Germany; 
sampling rate, 100Hz) to compute V0, F0rel, Pmaxrel (“rel” refers to normalised to body mass) 
and 20-metre sprint time in accordance with Samozino et al. (2016).  
For V0, F0rel, Pmaxrel and 20-m sprint time paired sample t-Tests were used to detect 
differences from the start to the end of the game (1’ to 90’) as well as differences before and 
after half-time break (45’ to 46’). To test differences within each half two ANOVAs (1x3) with 
repeated measures for the first (1’, 25’, 45’) and second half (46’, 70’, 90’) were performed for 
V0, F0rel, Pmaxrel and 20-m sprint time. In case of global significance, Bonferroni corrected 
post hoc tests were applied. Effect size was determined by partial eta squared (ὴ²) and 
according to the limits for the size of the effect are .01, .06 and .14 for small, medium and 
large. The statistical level of significance was set at P < .05 and tendency at P from 0.1 to 0.05.  
 
RESULTS: V0 decreased significantly (P=.016) from 1’ to 90’. From 45’ to 46’ (half-time break) 
the 20m-time (P=.003), F0rel (P=.006) and Pmaxrel (P=.003) deteriorated significantly.  
Within the first half significant and large effects on V0 (n=15, p=.002, ὴ²=.35, power=.919) were 
observed. The post hoc analysis revealed that V0 was significantly higher in the first minute 




Figure 1: The change of V0, F0rel, Pmaxrel and the 20-m time during the CST. Solid line 
represents the post hoc tests of the ANOVA, dotted line represents the results of the t tests 
from the first to the 90th minute and dashed line represents the t test from the 45th to the 46th. 
 
Within the second half significant and consistently large effects for the 20-m sprint times (n=15, 
p=.002, ὴ²=.37, power=.94), V0 (n=15, p=.03, ὴ²=.22, power=.666), F0rel (n=15, p=.032, 
ὴ²=.218, power= .657) and Pmaxrel (n=15, p=.005, ὴ²=.32, power=.878) were observed. Post 
hoc tests indicated significant decreases in 20-m sprint time from 46’ to 90’ (p=.009); for V0 a 
tendency to increase from 46’ to 90’ (p=.092) as well as from 70’ to 90’ (p=.069); for F0rel a 
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tendency from 46’ to 70’ (p=.053); and for Pmaxrel a significance from 46’ to 90’ (p=.023) as 
well as a tendency from 46’ to 70’ (p=.097). 
 
DISCUSSION: The aim of this study was to clarify if and how the mechanical parameters of 
sprinting ability in football professionals change during a simulated soccer game. So far, most 
studies have determined fatigue based on changes in pure sprint times (Krustrup et al., 2006; 
Mohr et al., 2004; Small et al., 2009). Horizontal P-F-v profiling allows a more detailed 
assessment of sprint performance.  
The paired t-Test from the first to the 90th minute showed significant impairments for V0 by 
2.69%, which are less than the 3.9% decrement in non-professional players observed by  
Nagahara et al. (2016). This decrease of V0 could be due to a lower functional capability of 
the hamstrings. For soccer specific fatigue, eccentric knee flexion force (Greig, 2008), knee 
extension angle, and maximal hip flexion is reduced, indicating lowered hamstring capacity 
(Small et al., 2009). Like Nagahara et al. (2016), in this study only a deterioration of V0 and no 
change in F0rel from the first to the 90th minute was observed, which illustrates the influence 
of soccer specific fatigue on V0 and F0rel. 
The 2.9% increase in sprint time from the end of the first half to the beginning of the second 
half is comparable to the 2.4% increase of Nagahara et al. (2016). As with Nagahara et al. 
(2016), Pmaxrel deteriorated during the half-time break, from the 45th to the 46th minute of the 
game. The observed reduction (8.5%) was higher than the 5.8% of Nagahara et al. (2016).  
These deteriorations could potentially be explained due to the lower muscle temperature 
caused by inactivity and could be reversed by a seven-minute re-warm-up at moderate 
intensity (Mohr et al., 2004). Because F0rel decreased significantly during half-time and V0 did 
not (7.7% vs 1.1%), the inactivitiy-induced decrease of the muscle temperature appears to 
have a greater influence on the initial sprint acceleration than on the maximal running speed.  
The ANOVA for the first half showed large effects for V0 and a significant impairment by 3.7% 
from the first to the 45th minute and tended to decrease from the first to the 25th (2.17%), which 
were not observed by Nagahara et al. (2016). Within the second half, large effects for all four 
parameters were shown. The 20-m time decreased from the 46th to the 90th minute (2.54%) 
and the sprint time of the 90th minute (3.46 ± .12 s) is in the range of the sprint times of the first 
half (3.46 ± .12, 3.47 ± .09 and 3.45 ± .11 s). The sprint time in the 90th minute could be seen 
as a specific quality of professional players, since non-professionals showed impairments in 
sprint times by 2.0 to 2.8% at the end of a match compared to the start (Krustrup et al., 2006; 
Mohr et al., 2004; Nagahara et al., 2016). The sprint time in the 90th minute can be explained 
due to a better V0 (2.17%) - which tended to improve - and – though statistically non-significant 
– F0rel (6.07%). Furthermore, F0rel tended to increase from the 46th to the 70th (5.45%). As in 
the study of Nagahara et al. (2016), it seems that F0rel improved within each half. The muscle 
temperature, which in turn is a factor of post-activation performance enhancement (Blazevich 
& Babault, 2019), could have a positive effect on F0rel within each half. V0 tended to increase 
from the 46th to the 90th and from the 70th to the 90th (3.18%) but differs significantly compared 
to the start of the game. These potential improvements can be caused by a higher motivation 
for the last sprint. In addition, a soccer game, i.e. Copenhagen Soccer Test, could be a stimulus 
which is not entireley maximal for professional male soccer players, so in a status of quasi 
fatigue - e.g. in the 90th minute - they are able to sprint the same 20-m time as in the first half. 
For a detailed and individualized training programming, mechanical characteristics and 20-m 
sprint time could be further analyzed on an individual level to identify possible weaknesses in 
fatigued and non-fatigued states for each player. This is a potential field of practical application 
of the CST for regular testing in professional soccer players, potentially combining mechanical 
(e.g. P-F-v-profiling) and physiological (e.g. VO2 and lactate) aspects.  
 
CONCLUSION: This study provides new insights into the complexity of fatigue and sprint 
performance in professional football during a simulated soccer match. It has been 
demonstrated that soccer-specific exercise has an influence on the mechanical properties of 
sprinting ability. Game-specific loading impaired maximum running speed throughout the 
match. Furthermore, the observed reduction in sprint performance after half-time break may 
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be attributed to a reduction in muscle temperature and knee flexion capability because of the 
half-time break inactivity. Compared to non-professional players, it seems that professional 
players at the end of the game can achieve again similar sprint times as in the first half. These 
new insights are useful for coaches, as they provide how sprinting ability changes during 
soccer matches, so training and matches can be planned effectively. 
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